Photophysics of tryptophan fluorescence: link with the catalytic strategy of the citrate synthase from Thermoplasma acidophilum.
The formation of all major intermediates in the reaction catalyzed by the citrate synthase from Thermoplasma acidophilum is accompanied by changes in tryptophan fluorescence. The largest change is the strong quenching observed on formation of the binary complex with substrate, oxaloacetate (OAA). The four tryptophan residues present in the enzyme have been changed to nonfluorescent ones in various combinations without major perturbations in protein stability, enzyme mechanism, or other physical properties. W348, residing in the hydrophobic core of the protein behind the active site wall ca. 9 A from OAA, is responsible for the majority of the protein's intrinsic fluorescence and all of the quenching that accompanies OAA binding. Lifetime studies show that all of the quenching results from excited-state processes. The lack of solvent isotope effects on the quantum yields excludes a quenching mechanism involving proton transfer to an acceptor. There are no significant changes in fluorescence properties in single site mutants of residues near W348 that change conformation and/or interactions when OAA binds. This result excludes these changes from a direct role. Electron transfer from the indole excited state to some acceptor is the major quenching mechanism; the reduced quenching observed in the 5F-W-substituted protein strengthens this conclusion. Using the X-ray structures of the unliganded enzyme and its OAA binary complex, hybrid quantum mechanics-molecular dynamics (QM-MM) calculations show that OAA itself is the most likely quencher with the OAA carbonyl as the electron acceptor. This conclusion is strengthened by the ability of an alpha-keto acid model compound, trimethylpyruvate, to act as a diffusional quencher of indole fluorescence in solution. The theoretical calculations further indicate that the positive electrostatic potential surrounding the OAA carbonyl within the enzymes' active site is essential to its ability to accept an electron from the excited state of W348. These same environmental factors play a major role in activating OAA to react with the carbanion of acetyl-CoA. Since carbonyl polarization plays a role in the catalytic strategies of numerous enzymes whose reactions involve this functional group, tryptophan fluorescence changes might be useful as a mechanistic probe for other systems.